Introduction {#Sec1}
============

One of the important short-comings of the United Nations Development Programme's (UNDP) Human Development Index (HDI) is that it neglects the distribution of achievements within each component of the HDI. It may well be that a country performs well in the aggregate HDI but has a very unequal distribution within the country. The Human Development Report (HDR) 2006 (UNDP [@CR10]) made an important step to address this issue. Based on a method and computations described in detail in Grimm et al*.* ([@CR2]), the HDR presented for a sample of 13 low and middle income and two high income countries a HDI for all five income quintiles of these countries. Households were sorted by income quintile and then for each income quintile, the life expectancy, education, and income indices were calculated to generate an income quintile-specific HDI.[1](#Fn1){ref-type="fn"} The results showed that across all countries inequality in human development by income quintile was very high, was typically larger in developing countries, and particularly sizable in Africa. This was not only due to an unequal income distribution, but also to substantial differences in education and life expectancy by income quintile. In some middle income developing countries the HDI of the richest income quintile ranked among the high human development countries, whereas the poorest quintile ranked among the low human development countries. But also in rich countries, the differentials were large. For example, the poorest income quintile in the US reaches only position 55 in a general HDI country ranking. Among the low and middle income countries the results showed that in that sample there was no clear relationship between the level of human development and inequality in human development as measured by the ratio of the HDI for the richest and poorest quintiles.

These interesting findings led to the question whether they would extend to other countries as well including also more rich countries. Surprisingly the computation of a comparable quintile-specific HDI is more difficult for rich than for middle and low income countries due to greater difficulties to generate appropriate and harmonized micro data. As discussed below, this required some simplifying assumptions that were not necessary for the low and middle-income countries. This paper describes this extension and presents the main results.[2](#Fn2){ref-type="fn"} The additional high income countries could be included thanks to the support of the Luxembourg Income Study (LIS) research group. In what follows the general methodology is not described in detail, we just present a short summary. A detailed description can be found in Grimm et al*.* ([@CR2]).

The paper is organized as follows. After a short summary of the general methodology we present our sample of countries and explain how we proceeded in the case of the rich countries. Then we discuss our results and conclude.

A Summary of the Methodology {#Sec2}
============================

The basic idea of our method is to use household survey data to calculate the three dimension indices which constitute the HDI by quintiles of the income distribution. Thus we are not investigating inequality in each dimension directly, but consider achievements in each dimension by income quintile.[3](#Fn3){ref-type="fn"} For developing countries, we use a household income survey ('HIS' hereafter, e.g. the World Bank's Living Standard Measurement Surveys) to calculate the quintile specific education and GDP indices and Demographic and Health Surveys ('DHS' hereafter, see [www.measuredhs.com](http://www.measuredhs.com)) to calculate the quintile specific life expectancy index. Given that generally both surveys do not interview the same households and that the DHS does not contain any information on household income or household expenditure, we have first to generate a proxy for household income in the DHS.

Generating a Proxy for Income for the Households Interviewed in the DHS {#Sec3}
-----------------------------------------------------------------------

To generate a proxy for income for the households interviewed in the DHS we rely on the construction of an asset index as a proxy for income. DHS data generally provides information on the ownership of a radio, TV, refrigerator, bicycle, motorized, vehicle, floor material of housing, type of toilet, type of water source and so on. Using principal component analysis these assets can be aggregated into one single metric index as a proxy for income for each household. This method is relatively standard today. Its shortcomings and alternatives, in particular an approach where we impute incomes for DHS households, are discussed and tested in Grimm et al*.* ([@CR2]). Once households in both surveys can be sorted into "income quintiles" (*Q* = 1, 2, ..., 5), we can calculate the life expectancy index also by income quintiles, even if income is not directly available in the DHS.

Calculating the Life Expectancy Index by Income Quintiles {#Sec4}
---------------------------------------------------------

To calculate a life expectancy index by income quintile we combine information on child mortality with model life tables. The HIS provides usually no information on mortality. The DHS provides only information on child mortality, but not on mortality by all age groups, which would be necessary to construct a life table and to calculate life expectancy directly. Hence we proceed as follows. In a first step, we calculate under one child mortality rates for each income quintile, $\documentclass[12pt]{minimal}
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                \begin{document}$$ q_{1}^{Q} $$\end{document}$, and for the whole sample. To do this we use the survival status information on all children born in the 5 years preceding the survey. In a next step, we use the estimated under one mortality rates and Ledermann model life tables to calculate quintile specific life expectancy, $\documentclass[12pt]{minimal}
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                \begin{document}$$ \hat{e}_{0}^{Q} $$\end{document}$. Ledermann model life tables are based on historical mortality data for many countries and periods and can reflect the empirical relationship between life-expectancy and the under one mortality rate (Ledermann [@CR12]): In Grimm et al. ([@CR2]) we test the robustness of our life-expectancy estimates with respect to alternative life-tables and assumptions.

We calculate the quintile specific life expectancy index, *L*^*Q*^, using the usual minimum and maximum values for life expectancy employed to calculate the general HDI:$$\documentclass[12pt]{minimal}
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                \begin{document}$$ L^{Q} = {\frac{{\hat{e}_{0}^{Q} - 25}}{85 - 25}}\quad \forall Q = 1, \ldots ,5. $$\end{document}$$

The aggregate life expectancy index *L* can be calculated using $\documentclass[12pt]{minimal}
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                \begin{document}$$ \hat{e}_{0}^{Q} $$\end{document}$. In a last step, we rescale linearly *L*^*Q*^ and *L* to achieve consistency with the aggregate HDI calculated by UNDP. As rescaling factor we use the ratio between our aggregate life expectancy index *L* and the aggregate life expectancy index calculated by UNDP (version mid-2008). Consistency is not automatic, given that our approach and UNDP's approach are based on different data sources. Given that the objective of our approach is first of all to examine the distribution of human development, differences in levels should not present any serious problem.[4](#Fn4){ref-type="fn"}

Calculating the Education Index by Income Quintiles {#Sec5}
---------------------------------------------------

To calculate the quintile specific education index, we use the information on literacy and school enrolment provided by the HIS. To compute the adult literacy rate by income quintile, *a*^*Q*^, take the information on literacy status of all adults above the age of 15. Then we calculate the quintile specific adult literacy index, *A*^*Q*^, using again the corresponding usual minimum and maximum values employed in the HDI (which implies *A*^*Q*^ = *a*^*Q*^):$$\documentclass[12pt]{minimal}
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                \begin{document}$$ A^{Q} = {\frac{{a^{Q} - 0}}{1 - 0}}\quad \forall Q = 1, \ldots ,5. $$\end{document}$$

The aggregate adult literacy index *A* can be calculated using *a* instead of *a*^*Q*^. In a last step, we rescale again linearly *A*^*Q*^ and *A* to achieve consistency with the aggregate HDI calculated by UNDP. As rescaling factor we use the ratio between our aggregate literacy index *A* and the aggregate literacy index calculated by UNDP.

To calculate the quintile specific gross enrolment index, we calculate first the combined gross enrolment rate for each quintile, *g*^*Q*^. Each individual attending school or university whether general or vocational is considered as enrolled. We define this rate over all individuals of the age group 5- to 23-year-old. Then we calculate the quintile specific gross enrolment index, *G*^*Q*^ using the usual minimum and maximum values used for the calculation of the HDI (which implies *G*^*Q*^ *=* *g*^*Q*^):$$\documentclass[12pt]{minimal}
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                \begin{document}$$ G^{Q} = {\frac{{g^{Q} - 0}}{1 - 0}}\quad \forall Q = 1, \ldots ,5. $$\end{document}$$

The aggregate gross enrolment index *G* can be calculated by using *g* instead of *g*^*Q*^. Finally, we also rescale *G*^*Q*^ and *G* to the level of the HDI enrolment index.

The quintile specific education index *E*^*Q*^ is calculated using the same weighted average as the HDI:$$\documentclass[12pt]{minimal}
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                \begin{document}$$ E^{Q} = (2/3) \times A^{Q} + (1/3) \times G^{Q} \quad \forall Q = 1, \ldots ,5. $$\end{document}$$

The aggregate education index *E* can be calculated by using *A* and *G* instead of *A*^*Q*^ and *G*^*Q*^. Table [3](#Tab3){ref-type="table"} again illustrates each step for the case of Indonesia.

Calculating the GDP Index by Income Quintiles {#Sec6}
---------------------------------------------

To calculate the GDP index by income quintile, we use our income variable from the HIS (adjusted for regional price differences in each country). One main difference with the two other dimension indices is that mean income calculated from the HIS can be very different from GDP per capita derived from National Accounts data, which is used for the GDP index in the general HDI. This has two reasons: first, because of conceptual differences and, second, because of measurement error on both levels. Hence, we proceed as follows. First, to eliminate differences in national price levels we express household income per capita *y*~*h*~ calculated from the HIS, in USD PPP. Second, we rescale $\documentclass[12pt]{minimal}
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                \begin{document}$$ \bar{y}_{h}^{\text{PPP}} $$\end{document}$and GDP per capita expressed in PPP (taken from the general HDI):$$\documentclass[12pt]{minimal}
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                \begin{document}$$ ry_{h}^{\text{PPP}} = y_{h}^{\text{PPP}} \times \left[ {{\frac{{{\text{GDPPC}}^{\text{PPP}} }}{{\bar{y}^{\text{PPP}} }}}} \right]. $$\end{document}$$

Once, theses adjustments are done, it is straightforward to calculate the quintile specific GDP index, again using the usual minimum and maximum values of the HDI:$$\documentclass[12pt]{minimal}
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                \begin{document}$$ Y^{Q} = {\frac{{\log r\bar{y}^{{Q,{\text{PPP}}}} - \log (100)}}{\log ( 4 0 {,} 0 0 0) - \log (100)}}\quad \forall Q = 1, \ldots ,5, $$\end{document}$$where $\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$ r\bar{y}^{{Q,{\text{PPP}}}} $$\end{document}$ is the quintile specific arithmetic mean of the rescaled household income per capita.

It should be noted that in richer countries the GDP per capita measure for the richest quintile, $\documentclass[12pt]{minimal}
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                \begin{document}$$ r\bar{y}^{5,PPP} $$\end{document}$could easily exceed 40,000 USD PPP and, hence, the index could take a value \>1, and this could, in extreme cases, push the overall HDI for the richest quintile also above 1, which would cause problems for interpretation.[5](#Fn5){ref-type="fn"}

Calculating the Overall HDI and the HDI by Income Quintiles {#Sec7}
-----------------------------------------------------------

Once the quintile specific dimension indices have been calculated, determining the QHDI is straightforward. It is the simple average of the three dimension indices:$$\documentclass[12pt]{minimal}
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                \begin{document}$$ {\text{HDI}}^{Q} = (1/3) \times L^{Q} + (1/3) \times E^{Q} + (1/3) \times Y^{Q} \quad \forall Q = 1, \ldots ,5, $$\end{document}$$

The aggregate HDI is as usual given by:$$\documentclass[12pt]{minimal}
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                \begin{document}$$ {\text{HDI}} = (1/3) \times L + (1/3) \times E + (1/3) \times Y. $$\end{document}$$

Again, a detailed description of that methodology can be found in Grimm et al*.* ([@CR2]). In that paper the interested reader also finds a number of robustness checks of our methodology to alternative assumptions.

Sample of Countries {#Sec8}
===================

In Grimm et al*.* ([@CR2]) we illustrated our methodology for Finland and the USA as well as eight countries from Sub-Saharan Africa (Burkina Faso, Cameroon, Côte d'Ivoire, Guinea, Madagascar, Mozambique, South-Africa, Zambia), three countries from Latin America (Bolivia, Colombia, Nicaragua) and two countries from Asia (Indonesia, Vietnam). In this paper, we extent our sample by eight additional low and middle income countries and nine industrialized countries. In particular the inclusion of industrialised countries constitutes a methodological challenge as we explain below in detail.

The Inclusion of Additional Low and Middle Income Countries {#Sec9}
-----------------------------------------------------------

In this paper, we extent our initial country sample by the following low and middle income countries: Ghana, Ethiopia, Brazil, Guatemala, Paraguay, Peru, India and the Kyrgyz Republic and apply exactly the same procedure to compute the quintile specific HDI. Table [5](#Tab5){ref-type="table"} ("in Appendix") indicates for each country the years in which the household income survey and the Demographic and Health Survey we use were undertaken. We tried of course to take the most recent data available and to keep the time lag between both surveys as short as possible.

The Inclusion of Additional High Income Countries {#Sec10}
-------------------------------------------------

Additionally included high income countries are Australia, Canada, France, Germany, Italy, The Netherlands, Poland, Spain, and Sweden. As stated above, the application of our approach to high income countries entails some additional problems. The data availability is very different in developing and industrialized countries. Whereas for a long time access to disaggregated and harmonized income, education and health data was much better in industrialized countries than in developing countries, today it seems to be the other way around. For many developing countries there exist today, as described above, at least roughly comparable income, education and health data thanks to the regular household income surveys and Demographic and Health Surveys. In many industrialized countries, such standardized surveys are either absent or not easily accessible. Moreover, due to very low infant and child mortality levels in rich countries, we could not apply our method of deducing life expectancy from infant or child mortality rates available in household survey data to calculate life expectancies (and its differential by income) with any reliability. Therefore, we had to make some simplifying but reasonable assumptions.

Matters are easiest for the income component. Here we can rely on the Luxemburg Income Study (LIS), which produces harmonized micro data sets on income, demographics, labour market status and expenditures on the level of households and individuals for 30 OECD countries.[6](#Fn6){ref-type="fn"} These data are of very high quality and probably more reliable than the income/expenditure data available in many developing countries. Hence using LIS data, we computed based on harmonized income data for each of the included high income countries mean household income per capita for each quintile. Then, as for the low and middle income countries, we simply scaled these quintile-specific mean incomes using the ratio between GDP per capita and household income per capita such that the overall mean matched GDP per capita and converted them in USD PPP. In a last step we transformed the mean incomes into logarithms and computed using the usual maximum and minimum values of log(40,000 USD PPP) and log(100 USD PPP) the index number.

To derive the quintile-specific education indices we also used data from the LIS. However, the LIS data sets do not have educational enrolment or adult literacy information. They only provide information on educational achievements by levels of education passed. Therefore, we assume no inequality in adult literacy (based on the presumption of universal adult literacy in those countries)[7](#Fn7){ref-type="fn"} and use the schooling achievement differential by income for 2000 as reported in the Luxembourg Income Study to estimate income differentials in enrolment ratios.[8](#Fn8){ref-type="fn"}

Hence, we took the LIS information on educational attainment in each quintile, i.e. the percentage of persons in each quintile falling in groups, such as never attended school, "1--4 years of elementary school", "5--8 years of elementary school", ..., "university certificate", and derived from this the share of persons attending a first, second, third, etc. year in school. Linking that information to age, it is possible to derive for each quintile an enrolment ratio for the children and adults between 5- and 23-year-old. These ratios were then again rescaled such that the average matched the average reported by UNDP. In a last step we computed the weighted average for each quintile by counting adult literacy with a weight of 2/3 and enrolment with a weight of 1/3.

By far the most difficult issues arise, however, with the life expectancy component. As already stated, using quintile-specific child mortality to derive an estimate of quintile specific life expectancy from household surveys would not be possible as child mortality in most OECD countries is so low that no meaningful differentials by income could be identified. Moreover, child mortality in these countries is much related to premature births, genetic defects, complications during birth and due to accidents all of which not closely related to income. In fact, it is likely that existing income differentials in life expectancy in rich countries are largely due to mortality differentials beyond childhood. In principle, one could try to rely on census or census-like sample surveys with large numbers of observations. An alternative would be to rely on death registrations. These data sources are generally used in rich countries to calculate mortality rates and associated life expectancy statistics. But these data sources usually do not include incomes and cannot be used to calculate income differentials. Two exceptions are the USA and Finland where specialized analyses on the link between incomes and mortality were undertaken. We therefore considered the results from Rogot et al. ([@CR8]) and Martikainen et al*.* ([@CR6]) on the life expectancy differential by incomes. These data are based on linked income survey data with vital registration data and are covering the adult mortality experience for 1979--1985 for the USA, and 1991--1996 for Finland. Given that the data for Finland is more recent than the one for the USA, we used the absolute mortality differentials observed for Finland and assumed that those differentials are applicable for the other high income countries as well. More precisely, we matched Finland's mortality experience by income quintile with the model life tables 'North' (Coale and Demeny [@CR1]) and derived quintile specific life expectancy at birth.[9](#Fn9){ref-type="fn"} These numbers, i.e. the inequality in life expectancy of Finland, were then taken and re-scaled such that we match the overall life expectancy level used by UNDP to construct the HDI.

In a last step we constructed for each quintile the HDI by averaging over the three dimension indices.

Results {#Sec11}
=======

Table [1](#Tab1){ref-type="table"} shows the HDI by income quintile, the HDI, and the ratio of the HDI for the richest quintile to the poorest quintile and the HDI ranking for the richest and poorest quintile in the general HDI ranking of all countries (using the latest available HDI ranking). Tables [2](#Tab2){ref-type="table"}, [3](#Tab3){ref-type="table"}, [4](#Tab4){ref-type="table"} show the components of the HDI by income quintile.Table 1Quintile specific HDI by countryCountry*Q* = 1*Q* = 2*Q* = 3*Q* = 4*Q* = 5AllRatio *Q*5/*Q*1Rank allRank *Q* = 1Rank *Q* = 5*Developing countries*Mozambique (2002/2003)0.2720.3330.3570.4000.5030.3661.846175179153Burkina Faso (2003/2003)0.2690.3200.3610.3940.5200.3691.929174179150Ethopia (2000/2000)0.2880.3230.3760.4160.5460.3841.895171179142Guinea (1995/1999)0.2780.3940.4660.5770.6900.4242.481167179124Cote d'Ivoire (1998/1999)0.3490.4140.4300.5250.5580.4321.601165179140Zambia (2002/2002)0.3430.4140.4580.5040.6120.4521.786164179132Cameroon (2001/2004)0.4100.4730.5180.5540.6300.5151.539150168129Ghana (1998/1998)0.4120.5060.5590.6060.7270.5331.764144168109Madagascar (2001/1997)0.3790.5060.5440.6140.7490.5331.975145173101India (1999/1997)0.4950.5730.6420.7030.8120.6091.64213215668South Africa (2000/1998)0.5390.6220.6780.7210.7890.6711.46512514379Kyrgyz Republic (1997/1998)0.6220.6810.7160.7280.8440.6941.35812213051Guatemala (1995/2000)0.5750.6660.7470.8310.9010.7061.56611913632Nicaragua (2001/2001)0.5700.6650.7090.7600.8930.7061.56711813837Vietnam (2004/2002)0.6260.6880.7410.7640.8340.7191.33211313055Bolivia (2002/2003)0.5770.6760.7320.7880.8970.7221.55511113634Indonesia (2000/2003)0.6130.6870.7260.7830.8800.7251.43510913138Paraguay (1990/1998)0.6440.7130.7560.8460.8980.7521.3959912834Colombia (2003/2005)0.6620.7430.7850.8390.9320.7871.4088112624Peru (2000/1994)0.5780.7170.850.8980.9450.7881.6368013619Brazil (1996/1997)0.6100.7680.8740.9410.9970.8071.635701321*Industrialized countries*Poland (1999)0.7900.8340.8610.8940.9450.8751.197397919Germany (2000)0.8660.9020.9360.9620.9790.9411.13123441Italy (2000)0.8580.8950.9270.9610.9890.9451.15219491Spain (2000)0.8480.8880.9260.9590.9890.9481.16617501USA (2000)0.8340.9000.9400.9740.9820.9511.17815551Finnland (2000)0.8910.9170.9420.9700.9810.9541.10112371France (2000)0.8780.9150.9400.9680.9890.9551.12611381Netherlands (1999)0.8860.9230.9470.9740.9830.9591.1096371Sweden (2000)0.8980.9270.9470.9740.9840.9591.0967341Canada (2000)0.8880.9260.9540.9820.9890.9671.1144371Australia (2001)0.8910.9320.9600.9850.9920.9691.1132371*Note*: For developing countries the years in brackets refer to the respective survey years. The first year refers to the HIS data set, the second to the DHS data set. All indices are rescaled to UNDP's reported HDI value of the year 2008*Source*: Luxembourg Income Study (LIS), Household Income Survey (HIS), and Demographic and Health Surveys (DHS) (see Table [5](#Tab5){ref-type="table"} in Appendix); calculations by the authorsTable 2Quintile specific GDP indices by countryCountry*Q* = 1*Q* = 2*Q* = 3*Q* = 4*Q* = 5AllRatio *Q*5/*Q*1*Developing countries*Mozambique (2002/2003)0.1150.2420.3250.4120.6390.3345.548Burkina Faso (2003/2003)0.2180.3170.3880.4680.6830.4053.131Ethopia (2000/2000)0.1460.2380.2980.3650.5310.3093.631Guinea (1995/1999)0.1290.3640.5180.6961.0000.4087.727Cote d'Ivoire (1998/1999)0.3390.4330.4970.5680.7180.4682.118Zambia (2002/2002)0.2360.3540.4330.5190.7280.4233.081Cameroon (2001/2004)0.3400.4330.5000.5710.7320.5072.154Ghana (1998/1998)0.2470.3780.4650.5570.6990.4212.828Madagascar (2001/1997)0.1360.2750.3700.4740.6490.3634.765India (1999/1997)0.3660.4930.5780.6770.9070.5352.475South Africa (2000/1998)0.4330.6000.7270.8851.0000.7532.311Kyrgyz Republic (1997/1998)0.3430.4410.5090.5890.7240.4842.112Guatemala (1995/2000)0.4310.6020.7350.8771.0000.6592.318Nicaragua (2001/2001)0.2450.4620.5680.6720.9030.5563.680Vietnam (2004/2002)0.3930.4640.5180.580.7220.5281.838Bolivia (2002/2003)0.3980.5260.6090.6980.8870.6132.231Indonesia (2000/2003)0.4270.5290.5970.6730.8360.5911.955Paraguay (1990/1998)0.3660.5710.6840.7780.8850.6172.415Colombia (2003/2005)0.4200.5780.6840.8001.0000.6942.378Peru (2000/1994)0.4220.6160.7480.8661.0000.7112.369Brazil (1996/1997)0.5030.6680.7770.8971.0000.7501.986*Industrialized countries*Poland (1999)0.6650.7570.8070.8540.9550.8341.436Germany (2000)0.8170.8970.9420.9891.0000.9641.224Italy (2000)0.7650.8610.9150.9661.0000.9471.308Spain (2000)0.7630.8560.9050.9611.0000.9441.310USA (2000)0.7840.8940.9581.0001.0001.0001.276Finnland (2000)0.8460.9080.9440.9861.0000.9681.182France (2000)0.8070.8880.9350.9831.0000.9631.239Netherlands (1999)0.8270.9150.9631.0001.0000.9851.210Sweden (2000)0.8360.9160.9551.0001.0000.9741.197Canada (2000)0.8090.9090.9581.0001.0000.9861.237Australia (2001)0.8070.9080.9571.0001.0000.9801.239*Note:* For developing countries the years in brackets refer to the respective survey years. The first year refers to the HIS data set, the second to the DHS data set. All indices are rescaled to UNDP's reported HDI value of the year 2008*Source:* Luxembourg Income Study (LIS), Household Income Survey (HIS), and Demographic and Health Surveys (DHS) (see Table [5](#Tab5){ref-type="table"} in Appendix); calculations by the authorsTable 3Quintile specific education indices by countryCountry*Q* = 1*Q* = 2*Q* = 3*Q* = 4*Q* = 5AllRatio *Q*5/*Q*1*Developing countries*Mozambique (2002/2003)0.4360.4630.4640.4680.5280.4741.211Burkina Faso (2003/2003)0.1930.2050.2260.2560.3700.2581.920Ethopia (2000/2000)0.2650.3170.3610.4230.5370.3902.030Guinea (1995/1999)0.2680.3810.3890.4280.4070.3611.520Cote d'Ivoire (1998/1999)0.3730.4240.4560.4980.5550.4501.486Zambia (2002/2002)0.5540.6200.6670.7280.7840.6651.417Cameroon (2001/2004)0.5050.5790.6240.6560.6990.6221.383Ghana (1998/1998)0.4750.5810.6250.6720.7370.6051.552Madagascar (2001/1997)0.5230.6780.6930.7340.9310.6711.781India (1999/1997)0.5480.6290.6900.7050.7000.6401.276South Africa (2000/1998)0.8360.840.8460.8460.8460.8431.012Kyrgyz Republic (1997/1998)0.8970.9110.9270.9360.9550.9191.065Guatemala (1995/2000)0.5750.6770.7530.8140.8670.7091.509Nicaragua (2001/2001)0.7230.7390.7750.8010.8400.7741.163Vietnam (2004/2002)0.7660.7900.8040.8480.8620.8131.125Bolivia (2002/2003)0.7340.8470.9030.9380.9700.8851.322Indonesia (2000/2003)0.7460.8070.840.8740.9210.8321.234Paraguay (1990/1998)0.8050.8310.8660.8920.9030.8641.122Colombia (2003/2005)0.7980.8450.8780.8990.9440.8741.183Peru (2000/1994)0.8480.8460.8840.9100.9190.8851.084Brazil (1996/1997)0.6820.8540.9350.9861.0000.8881.467*Industrialized countries*Poland (1999)0.9050.9260.9380.9681.0000.9521.105Germany (2000)0.9180.9260.9600.9720.9920.9541.080Italy (2000)0.9310.9240.9430.9731.0000.9651.074Spain (2000)0.9000.9080.9490.9701.0000.9711.112USA (2000)0.9230.9450.9651.0001.0000.9681.083Finnland (2000)0.9690.9630.9811.0001.0000.9931.032France (2000)0.9460.9570.9610.9771.0000.9781.057Netherlands (1999)0.9680.9680.9700.9920.9990.9851.032Sweden (2000)0.9730.9590.9590.9720.9810.9741.008Canada (2000)0.9740.9680.9811.0001.0000.9911.026Australia (2001)0.9760.9770.9881.0001.0000.9931.024*Note:* For developing countries the years in brackets refer to the respective survey years. The first year refers to the HIS data set, the second to the DHS data set. All indices are rescaled to UNDP's reported HDI value of the year 2008*Source:* Luxembourg Income Study (LIS), Household Income Survey (HIS), and Demographic and Health Surveys (DHS) (see Table [5](#Tab5){ref-type="table"} in Appendix); calculations by the authorsTable 4Quintile specific life expectancy indices by countryCountry*Q* = 1*Q* = 2*Q* = 3*Q* = 4*Q* = 5AllRatio *Q*5/*Q*1*Developing countries*Mozambique (2002/2003)0.2660.2950.2820.3220.3410.2911.282Burkina Faso (2003/2003)0.3970.4400.4690.4580.5060.4451.273Ethopia (2000/2000)0.4530.4130.4680.4590.5680.4541.255Guinea (1995/1999)0.4370.4360.4900.6060.6630.5051.516Cote d'Ivoire (1998/1999)0.3340.3860.3380.5100.4030.3781.205Zambia (2002/2002)0.2380.2690.2740.2670.3230.2701.359Cameroon (2001/2004)0.3830.4060.4300.4350.4600.4161.198Ghana (1998/1998)0.5130.5590.5880.5880.7440.5741.449Madagascar (2001/1997)0.4790.5660.5700.6340.6670.5641.392India (1999/1997)0.5700.5970.6570.7270.8300.6521.458South Africa (2000/1998)0.3470.4260.4610.4320.5210.4181.499Kyrgyz Republic (1997/1998)0.6260.690.7130.6590.8540.6781.365Guatemala (1995/2000)0.7190.7170.7510.8010.8350.751.161Nicaragua (2001/2001)0.7420.7930.7850.8080.9360.7891.263Vietnam (2004/2002)0.7180.810.9020.8650.9170.8161.277Bolivia (2002/2003)0.5990.6550.6850.7270.8340.6681.392Indonesia (2000/2003)0.6650.7240.7410.8010.8830.7521.328Paraguay (1990/1998)0.760.7360.7170.8670.9050.7751.191Colombia (2003/2005)0.7670.8050.7920.8170.8510.7931.110Peru (2000/1994)0.4640.6880.9170.9170.9170.7661.976Brazil (1996/1997)0.6440.7820.9110.9400.9910.7831.538*Industrialized countries*Poland (1999)0.7980.8180.8390.860.8790.8391.102Germany (2000)0.8610.8820.9040.9260.9460.9041.098Italy (2000)0.8800.9010.9230.9450.9660.9231.097Spain (2000)0.8800.9010.9230.9450.9660.9281.098USA (2000)0.7950.8600.8970.9230.9450.8841.190Finnland (2000)0.8580.8790.9010.9230.9430.9011.099France (2000)0.8800.9010.9230.9450.9660.9231.098Netherlands (1999)0.8640.8850.9070.9290.9490.9071.098Sweden (2000)0.8850.9060.9280.950.9710.9281.097Canada (2000)0.8810.9020.9240.9460.9670.9241.097Australia (2001)0.8900.9120.9340.9560.9770.9341.097*Note:* For developing countries the years in brackets refer to the respective survey years. The first year refers to the HIS data set, the second to the DHS data set. All indices are rescaled to UNDP's reported HDI value of the year 2008*Source:* Luxembourg Income Study (LIS), Household Income Survey (HIS), and Demographic and Health Surveys (DHS) (see Table [5](#Tab5){ref-type="table"} in Appendix); calculations by the authors

The results reveal very stark differences in human development between the richest and the poorest quintiles. In contrast to comparisons in income inequality (where Latin America is the most unequal region), African countries show more inequality in the HDI by income quintiles than Latin American countries.[10](#Fn10){ref-type="fn"} This tendency was already visible in the smaller sample analyzed in Grimm et al*.* ([@CR2]). In Latin America, the ratio of the HDI between the richest and the poorest quintile oscillates around 1.4--1.6, while it rangers from 1.7 to 2.5 in most Sub-Saharan African countries.

The reasons for this are twofold. First, due to the logarithmic transformation of income in the HDI, income inequality is particularly attenuated in the richer countries of Latin America compared to poorer African countries. The assumption behind the logarithmic transformation in UNDP's HDI is that the well-being-effects of higher incomes among the rich are declining with higher incomes. Thus what is being measured here is not the differential in incomes but, in line with the general treatment of the income component in the HDI, the differential in important aspects of quality of life, such as nutrition, housing, clothing, and other aspects that are closely correlated with incomes (UNDP [@CR10]). Hence, richer Latin American countries which have typically a high income inequality appear less unequal as they actually are (cf. Table [2](#Tab2){ref-type="table"}).

Moreover, African countries still have a relatively high degree of inequality in literacy and educational attainment (cf. Table [3](#Tab3){ref-type="table"}). This is not anymore the case in most Latin American countries. One should note, however, that education is only using literacy and enrolment rates and says little about educational quality which is likely to differ much more strongly between the rich and the poor.[11](#Fn11){ref-type="fn"} Inequality in life expectancy is not significantly different in Latin America and Africa. In both regions inequality is with a few exceptions pronounced, but with an important variance across countries. Some of this may be related to data quality issues and the assumptions that were made in order to derive at these estimates. It appears, however, that in the developing countries inequality in life expectancy is smaller than other forms of inequality (cf. Table [4](#Tab4){ref-type="table"}). However, two countries stand out: South-Africa and Zambia. Both countries are strongly affected by the AIDS epidemic; hence the level of life expectancy is particularly low and the inequality particularly high.

Moreover, regarding the inequality in life expectancy, three additional cautionary notes are important, however. To some extent, smaller inequality is to be expected given that life expectancy is effectively bounded above, i.e. there are limits to life expectancy that even high income populations run up against. Second, the differences in actual life expectancy (rather than the life expectancy index) are still substantial with gaps between the poorest and richest quintile amounting to more than 10 years in several countries. Third, even seemingly smaller differentials in life expectancy may be seen as just as important, or even more important, than larger differentials in the other components. After all, the chance to live and be free from the fear of premature mortality is a fundamental precondition for all other aspects of life (Sen [@CR9]).

Most of the Asian countries included---Indonesia, Vietnam and Kyrgyz Republic---show comparatively lower inequality. The exception is India, where the ratio of the HDI between the richest and the poorest quintile is also about 1.6. But Vietnam for instance shows more or less the same level of human development than Bolivia, but much lower inequality in human development.

As our previous results for Finland and the USA in Grimm et al*.* ([@CR2]) already showed, inequality in human development in high income countries is significantly lower than in middle and low income countries. For most countries included the ratio of the HDI between the richest and the poorest quintile is 'only' around 1.1. Exceptions are Poland, Spain and the USA where this ratio comes close to the value of 1.2. In these countries the relative high inequality stems mainly from income inequality and in the case of Poland also from education inequality.[12](#Fn12){ref-type="fn"} More generally, one may even argue that the HDI is not well adapted to capture differences in human development across and within countries, differences lay not so much in school enrolment or life expectancy per se but rather in the quality of education received and the number of years lived in good health. However, adjustments in that direction should be directed at the aggregate HDI as much as at our inequality-adjusted HDI. Such a discussion, however, is beyond the scope of this paper and requires a more general discussion about the definition of high human development in rich countries.

The rank positions of the different quintiles allow further interesting interpretations. Those can be seen in Table [1](#Tab1){ref-type="table"} again and are also visible in Fig. [1](#Fig1){ref-type="fig"} which shows for each country the overall HDI and the index values for the poorest and richest quintile. For example, the richest quintile in Bolivia is at rank 34, i.e. among the countries with high human development, actually at the same level as Poland, whereas the poorest quintile is at rank 136. The average HDI in Bolivia in last year's human development report stood at rank 111. In some Sub-Saharan African countries such as Cameroon, Guinea and Madagascar the richest quintile achieves a level similar to those countries with medium human development, i.e. far above the threshold of 0.5. In contrast the poorest quintiles of these countries all rank among the 15 countries with the lowest HDI. Put differently, the differences within countries are as high as the differences between high and medium as well as medium and low human development countries. Also among rich countries, the differences are sizable. While the richest quintile in all included industrialized countries (except Poland) would top the list of human development achievements, the poorest quintiles would only be at rank 34 (Sweden) or lower. In Spain and the USA the poorest quintile would even only occupy position 50 and 55, respectively, considerably worse off than the richest quintile in Guatemala, Colombia, Bolivia, or Indonesia.Fig. 1Inequality in human development

Figure [2](#Fig2){ref-type="fig"}a shows the relationship between the level of human development and inequality in human development. Whereas, we were not able to derive a clear relationship between both variables with our smaller sample analyzed in Grimm et al*.* ([@CR2]), here we see a relatively pronounced negative correlation. Countries with a higher level of human development also have a lower inequality in human development. The correlation coefficient is about −0.88 across all countries and −0.75 and −0.72 within developing and industrialized countries, respectively. However, the figure clearly shows regional clusters for Sub-Saharan Africa, Latin America and the industrialized countries. Within these regional clusters the correlation between the level and the inequality in human development is close to zero.Fig. 2The relation between the level and inequality in human development. **a** Human Development Index, **b** GDP Index, **c** Education Index, **d** Life-expectancy Index

Figure [2](#Fig2){ref-type="fig"}b--d show the relationship between average achievement and inequality in that achievement for the three sub-indices. For the GDP component we see a clear non-linear relationship with very high inequality in the poor African countries and lower inequality in Latin America and the industrialised countries with only moderate differences between the latter two groups. However, as we explained above would income measured in absolute terms and not in its logarithmic transformation inequality in Latin America would be higher. For the education index we also state a negative relationship but with a huge variance and thus a much lower correlation (−0.82). For the life-expectancy component the graphical representation suggests an inverted-U-shaped patter, i.e. low inequality in life expectancy in countries with low average life-expectancy, high inequality in countries with a middle life-expectancy and, again low inequality in countries with high life expectancy. If interpreted inter-temporally, these different relationships suggest different dynamics of progress from low to high achievements. For income levels, higher incomes generate lower inequality in achievements associated with income inequality (also some of that is by construction and related to the logarithmic transformation discussed above). For education, there is a tendency for educational inequality to decline with higher levels of education, but this is a rather weak relationship and presumably depends greatly on policy interventions to promote education.[13](#Fn13){ref-type="fn"} In health, the results suggest that as life expectancy improves, those with greater means benefit initially more before inequality declines again, a type of Kuznets Curve relationship. These are tentative interpretations and further research should focus on interpreting these interesting relationships.

To analyse in more depth possible clusters of countries with respect to the inequality in the three HDI components, we also ran a hierarchical cluster analysis using the euclidean distance as a measure of dissimilarity.[14](#Fn14){ref-type="fn"} The resulting tree diagram (dendrogram) is shown in Fig. [3](#Fig3){ref-type="fig"}. Among the industrialised countries one can find a clustering which widely overlaps which geographic closeness. Finland, The Netherlands and Sweden form a cluster. Likewise France and Germany as well as Italy and Spain are grouped together. The USA form an isolated group on the lowest level but are grouped together with Italy and Spain on the next hierarchical level. Poland is the country which differs most from all other industrialized countries that are covered by our sample.Fig. 3Cluster analysis over the *Q*5/*Q*1 ratios of the three HDI components. *Note*: Dissimilarity measure: Euclidean distance

The differences among the developing countries are larger than among the industrialized countries. Closest to the latter one can find a group that comprises Bolivia, India, Colombia Paraguay, Kyrgyz Republic and South-Africa. The group that differs most from the rest is composed by Guinea, Madagascar and Mozambique. These countries are even quite distant from a second cluster of poor African countries in which one can find Burkina Faso, Ethiopia, Ghana and Zambia as well as one Latin American country, Nicaragua.

Conclusion {#Sec12}
==========

In this paper, we extend and apply an innovative approach to measure inequality in human development to a sample of 32 developing and industrialized countries. The extension allows us to include a large number of industrialized countries for which the data availability is very different from low and middle income countries.

The comparison between low and middle income countries on the one hand and industrialized countries on the other hand provides a number of new insights and interesting results. Inequality in human development seems to be clearly negatively related to the average level of human development. The strength of that relationship is different across the three sub-indices. It is very strong for the GDP component, moderate for the education component and very weak for the life-expectancy component. In the latter case the relationship is rather shaped like an inverted "U". Another interesting result stemming from our comparisons is that the poorest quintiles in the richer countries fare not much better than the richer quintiles in many poorer countries.

With the approach presented here, we hope to make a useful contribution to the discussion and measurement of human development in its various dimensions. This should sensitize researchers and practitioners to focus not only on the country average level of human development but also on its inequality, which in some countries is substantial.
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Appendix {#Sec13}
========

See Table [5](#Tab5){ref-type="table"}.Table 5Data sourcesCountryYearType of survey*Developing countries*Brazil1996Demographic and Health Survey (DHS)1997Living Standard Measurement Survey (LSMS)Ethiopia2000Demographic and Health Survey (DHS)2000Welfare Monitoring/Income, Consumption and Expenditure SurveyGhana1998Demographic and Health Survey (DHS)1998Ghana Living Standard Survey No. 4Guatemala1995Demographic and Health Survey (DHS)2000Living Standard Measurement Survey (LSMS)India1999Demographic and Health Survey (DHS)1997NSS Household Consumer Expenditure Survey (53rd Round)Kyrgyz Republic1997Demographic and Health Survey (DHS)1998Living Standard Measurement Survey (LSMS)Paraguay1990Demographic and Health Survey (DHS)1998Encueata Integrada De Hogares (Programa MECOVI)Peru2000Demographic and Health Survey (DHS)1994Living Standard Measurement Survey (LSMS)Burkina Faso2003Demographic and Health Survey (DHS)2003Enquete Prioritaire sur les Conditions de Vie des Menages (EP)Bolivia2003Demographic and Health Survey (DHS)2002Living Standard Measurement Survey (LSMS)Cote d'Ivoire1999Demographic and Health Survey (DHS)1998Enquete de Niveau de Vie des Menages (ENV)Cameroon2004Demographic and Health Survey (DHS)2001Enquete Camerounaise auprμes des Menages (ECAM)Colombia2005Demographic and Health Survey (DHS)2003Encuesta de Calidad de VidaIndonesia2003Demographic and Health Survey (DHS)2000Demographic and Health Survey (DHS)Madagascar1997Demographic and Health Survey (DHS)2001Enquete auprμes des Menages (EPM)Mozambique2003Demographic and Health Survey (DHS)2002Inquerito Nacional aos Agregados Familiares sobre as Condicoes de VidaNicaragua2001Demographic and Health Survey (DHS)2001Encuesta Nacional de Hogares sobre Medicion de Nivel de Vida (EMNV)South Africa1998Demographic and Health Survey (DHS)2000Income and Expenditure SurveyVietnam2002Demographic and Health Survey (DHS)2004Living Standard Measurement Survey (LSMS)Zambia2002Demographic and Health Survey (DHS)2002Living Standard Measurement Survey (LSMS)*Industrialized countries*Australia2001Luxembourg Income Study (LIS)Canada2000Luxembourg Income Study (LIS)Finnland2000Luxembourg Income Study (LIS)France2000Luxembourg Income Study (LIS)Germany2000Luxembourg Income Study (LIS)Italy2000Luxembourg Income Study (LIS)Netherlands1999Luxembourg Income Study (LIS)Poland1999Luxembourg Income Study (LIS)Spain2000Luxembourg Income Study (LIS)Sweden2000Luxembourg Income Study (LIS)USA2000Luxembourg Income Study (LIS)

Of course, instead of considering inequality in human development by income quintile, one could also consider inequality in human development by studying the inequality within each dimension of the HDI, as proposed, for example, by Hicks ([@CR4]); see Grimm et al*.* ([@CR2]) for a more complete discussion of the relative merits and disadvantages of this approach.

A summary of the results were also published in UNDP ([@CR11]).

Thus we are considering the inequality conditional on income. For a related discussion, see Klasen ([@CR5]) and Grosse et al. ([@CR3]). For comparison, we also report on unconditional inequality in education below, i.e. the performance of the best and worst educated education quintile.

Note that in Grimm et al. ([@CR2]), we rescaled indices for each country to the index values published by UNDP for the year in which the household survey data was collected. Thus reference years varied across countries. In this paper, we rescale with respect to the numbers published in 2008 for all countries.

An obvious 'solution' to this problem could be to widen the income range for the HDI and the quintile-specific HDI.

For details see: <http://www.lisproject.org>.

Clearly this is a debatable assumption as a significant share of the population in OECD countries is functionally illiterate (OECD [@CR7]). But unfortunately, these analyses do not provide adult literacy rates by income quintiles. Also, the standard used to measure functional illiteracy in OECD countries was somewhat higher than the standard used in developing countries. As we want to have these measures comparable across countries, it is probably safe to assume that literacy is near universal in OECD countries at the level consistent with literacy information from developing countries (which is often based on having passed 5 or more years of schooling, or self-reported literacy as the basic ability to read and write).

Alternatively, enrolment rates by income quintile could probably be generated from national household income surveys (or co-ordinated surveys such as the European Household Panel Survey) but this would mean that we rely on two different income measures to calculate the two different components (as we had to do with the HIS and the DHS for developing countries).

The 'income' that is referred to in these studies does not closely match annual household per capita income that we would use for the income component which causes a further complication.

Obviously, our measure of inequality is very rudimentary, and is not consistent with some basic axioms of inequality measurement. However, it is easy to understand and interpret which makes it suitable for this kind of exercise. Users can easily apply an axiomatic approach to derive an alternative inequality measure using our approach.

We also examine the unconditional inequality in education in each country, i.e. compare the educational achievement of the best educated with the worst educated education quintile. In countries where overall educational levels are rather large, the differences in educational achievements between the best and worst is also small, such as the industrialized countries, the South American countries, and some South--East Asian countries. In each of these cases, the ratio of the best educated to worst educated quintile is \<2. In some African countries where the worst educated households have very low education levels, this unconditional inequality can be much larger. Since the households in the worst educational quintile are not identical to the households which are the poorest (or have the poorest health), one cannot combine the achievements of these unconditional quintiles to form a HDI this way.

However, inequality in the industrialized countries would be a bit higher if the HDI allowed index values larger than 1, i.e. if we would not assume (as does UNDP) that the implied welfare function is flat for incomes above the threshold of USD 40,000.

See also Klasen ([@CR5]) and Grosse et al. ([@CR3]) for further discussion of the relationship between education levels and education inequality within countries.

We thank the anonymous referee for this suggestion.
